Abstract. The wide use of GPS sensors in smart phones encourages people to record their personal trajectories and share them with others in the Internet. A recommendation service is needed to help people process the large quantity of trajectories and select potentially interesting ones. The GPS trace data is a new format of information and few works focus on building user preference profiles on it. In this work we proposed a trajectory recommendation framework and developed three recommendation methods, namely, Activity-Based Recommendation (ABR), GPSBased Recommendation (GBR) and Hybrid Recommendation. The ABR recommends trajectories purely relying on activity tags. For GBR, we proposed a generative model to construct user profiles based on GPS traces. The Hybrid recommendation combines the ABR and GBR. We finally conducted extensive experiments to evaluate these proposed solutions and it turned out the hybrid solution displays the best performance.
Introduction
With the rapid development of mobile devices, wireless networks and Web 2.0 technology, a number of location-based sharing services, e.g., Foursquare 1 , Facebook Place 2 , Everytrail 3 and GPSXchange 4 , have emerged in recent years. Among them, Everytrail and GPSXchange are particularly unique because they allow users to share their outdoor experiences by uploading GPS trajectory data of various outdoor activities, e.g., hiking and biking. By sharing trajectory information, these Web 2.0 sites provide excellent resources for their users to plan or explore outdoor activities of interests.
The rich amount of trajectories available in those web sites brings significant challenges for users to find what they search for. Also, different from conventional items with enrich texts, it is difficult to judge whether the trajectory is interesting or not based on the activity tag or GPS raw data. Therefore, in order to automatically discover interesting trajectories, a trajectory recommendation service is highly desirable.
Conventional collaborative filtering (CF) techniques do not fit the problem trajectory recommendation. The CF requires people to access the same items to compute user interest similarity. However, in trajectory sharing website, there are no two people who generate exactly the same trajectory and the user similarity can not be calculated by "accessing the same item".
In this work, we explore the ideas of content-based recommendation techniques [1, 8, 13] . We consider two types of trajectory "content", activity tags and GPS points. The activitiy tags, such as hiking or biking, are annotated by the users themselves. The trajectory is represented as a sequence of GPS points with corresponding time stamps.
Recommendation based on tags is named as activity-based recommendation (ABR), which utilizes the tag content (if available) to make trajectory recommendation. Since the tags are manually labeled by the creator, they can be treated as a good feature for a trajectory. Unfortunately, activity tags are not always available for a GPS trajectory. In the Everytrail data we collected, about 12.61% of the trajectories do not have tags. Additionally, ABR may not be able to make recommendation if there are too many candidates with the same tag. For example, in our collected data, 14% of all tagged trajectories, are tagged with "hiking". One intuitive solution would be using geographical region as a filtering to eliminate infeasible candidates. However, it does not really solve the problem. For example, after constraining the search result into "San Fran", we still found 96 hiking trajectories in the collected Everytrail dataset. Finally, trajectories with the same tag may have different moving patterns, which the ABR is unable to capture. Let's consider two hiking fans. The first one likes to take a gentle walk so she can take a lot of photographs but the other one treats hiking as a physical exercise. Naturally, the two trajectories, although both labeled as "hiking", may contain very different features, which ABR fails to capture.
Considering these weak points of ABR discussed above, we also exploit the sampled points in GPS trajectories for recommendation and call the proposed technique GPS based recommendation (GBR). The raw GPS data contains plentiful movement information (e.g., speed, change of speed, etc.), which captures the user's outdoor experiences implicitly. For example, techniques for using raw GPS data to infer the transportation modes (e.g., taking bus, taking subway, biking and walking) of trajectories have been studied [22, 21, 17, 18, 7, 6] . However, these techniques are not applicable to our trajectory recommendation service since we aim to capture users' moving habits and use them to differentiate the trajectories of the same activity type. Take the example of hiking fans mentioned earlier, existing techniques can only classify them as "hiking". However, what a recommender system needs are more personalized moving habits, e.g., gentle walking or intense trotting. We argue that such information is embedded in GPS data and we aim to mine them out to facilitate trajectory recommendation.
The rest of the paper is organized as follows. Section 2 formally defines the problem, introduces ABR and reviews the related work. Section 3 and 4 respectively detail the GPS feature extraction and the generative model in GBR. Section 5 presents the evaluation of our proposed solutions. Finally, Section 6 concludes the paper.
